by mass balance and requires that ilmenite and high-Ca pyroxene are assimilated in a _3:1 ratio, a much higher ratio than the proportion in which these minerals are thought to exist in the lunar interior.
Abstract--Phase equilibria and dissolution rate experiments are used to develop a petrogenetic model for the high-Ti lunar ultramafic glasses. Near-liquidus phase relations of the Apollo 14 black glass, the most Ti-rich lunar ultramafic glass, are determined to 2.2-GPa. The liquidus is saturated with Cr-spinel at 1-atm, olivine between -0.5-and 1.5-GPa, and low-Ca pyroxene + Cr-spinel above 1.5-GPa. Ilmenite does not crystallize near the liquidus and implies that high-Ti ultramafic glasses are not produced by melting of an ilmenite-saturated source. We infer that high-Ti ultramafic magmas are derived from lowTi ultramafic parent magmas by assimilation of ilmenite _+ clinopyroxene +_ urKREEP _+ pigeonite in the shallow lunar interior. Heat is provided by adiabatic ascent of the low-Ti ultramafic primary magmas from the deeper lunar interior and crystallization of olivine during assimilation. The assimilation reaction is modeled by mass balance and requires that ilmenite and high-Ca pyroxene are assimilated in a _3:1 ratio, a much higher ratio than the proportion in which these minerals are thought to exist in the lunar interior.
In an effort to understand the kinetic controls on this reaction, the dissolution of ilmenite is examined experimentally in both low-and high-Ti lunar magmas. We find that ilmenite dissolves incongruently to Cr-spinel and a high-Ti melt. The dissolution reaction proceeds by a diffusion-controlled mechanism.
An assimilation model for the origin of high-Ti melts is developed that leaves the magma ocean cumulates in their initial stratigraphic positions and obviates source hybridization models that require lunar overturn. by Smith et al. (1970) and Wood et al. (1970 ) (reviewed in Warren, 1985 . Models of magma ocean crystallization (e.g., Taylor and Jakes, 1974; Walker et al.. 1975a; Longhi, 1977; Snyder et al., 1992) 
EXPERIMENTAL AND ANALYTICAL METHODS

Phase Equilibria Experiments
I. Starting materials
The near-liquidus phase relations of a synthetic analog of Apollo 14 (AP 14) black glass (Delano, 1986) were determined in melting experiments from l-atm to 2.2-GPa. This composition was chosen because it has the highest TiOz-content of the high-Ti ultramafic glasses. The synthetic analog of this glass composition (Table  1 ) was prepared from high-purity oxides and silicates and ground in an agate mortar under ethyl alcohol for 6 h to ensure homogeneity. Table 4 , compositions in Table 5 ). The thickness of the ilmenite disk in the experiments was determined using a Zeiss reflected light microscope with an ocular scale accurate to _+ 10-/zm.
l-atm Experiments
Analytical Methods
The by the large density difference between the high-Ti and lowTi melts. Dissolution produces a zone of high-Ti melt + Crusp, which shows a sharp compositional gradient at its exterior contact with low-Ti melt. On the bottom of the ilmenite disk, the dense high-Ti melt + Cr-usp mix with the underlying liquid as the ilmenite dissolves.
Estimation of the fraction 1 mm Fig, 5 , Backscattered electron micrographs of products of dissolution of ihnenite in Apollo 15 green glass liquid. Experiments BPC-49 and BPC-52 are shown. Bright rectangle is ilmenite surrounded by a high-Ti meh + Cr-usp boundary layer. Dark borders are edges of the graphite container. Gray levels in surrounding quenched glass (with quench crystals) reflect variations in TiOz content. In both experiments convective instabilities arc homogenizing the melts below the ilmenite disk. Above the disk, the highTi meh is trapped in a boundary layer. [n BPC-49 the low and high-Ti melts are separated by a dark crack that formed during sample preparation. Temperature and pressure of olivine and opx multiple saturation fi)r ultramafic glass compositions. Data: ( I ) T. L. Grove, unpubl., (2) Chen and Lindsley (1983) , (3) Chen et al. (1982) , (4) Green el al. ( 1975 ) , and (5) Delano (1980) . Snyder et al. (1992) argue is not required to come to equilibrium with the ihnenite assimilant and thus may not be near saturation with it in experimental studies.
Assimilation Model for High-Ti Magma Genesis
An assimilation origin for high-Ti mare basalts was ini- 
Thermal energy constraints on the assimilation model
The proportions of reactants (Table  7) were used to estimate the thermal energy budget of the assimilation reaction ( (Fig. 8) . We assume that the green glass-type primary magma segregates from its source at the temperature and pressure at which it is multiply saturated with ol and opx, 2-GPa (400-kin) and 1550°C. This melt ascends adiabatically to the ilmenite and cpx cumulate layer at 100-km depth (_0.5-GPa pressure, Fig. 8 ). At this point the liquid is 160°hotter than the black glass liquidus (Fig. 8) 1988; Baker et al., 1991 ) . For these reasons we hesitate to develop more complex models than those outlined in Table 8 .
Kinetic constraints on the assimilation model
All of the regression calculations show that more ilmenite must be assinfilated than cpx to produce a high-Ti magma from a low-Ti parent ( Although dissolution rate data for ilmenite did not exist before this study, the dissolution rate of cpx was determined by Brearley and Scarfe (1986) and Zhang et al. (1989) .
There are significant differences between these studies and our own in terms of liquid compositions studied and temperature, so only general inferences can be made. Brearley and Scaffe (1986) determined the dissolution rates of natural, mantle cpx in alkali olivine basalt by using spheres surrounded by melt. Their dissolution rates for cpx at 1.2-GPa are 2.5-14 times slower than our ilmenite dissolution rates at I-GPa (Table 9 , Fig. 4) . Zhang et al. (1989) studied the dissolution of endmember diopside in andesitic liquid using the disk-sandwich technique employed here (Fig. 2) 
